Abstract-The transverse operator method is used for the analysis of an open-ended rectangular waveguide, in particular as a radiating element.
INTRODUCTTON

PERTURE antennas find many applications in
A aeronautics, diathermy, and hyperthermia as well as in phased-array systems [l] . The basic radiating structure is the open end of a waveguide, generally terminated by an infinite metallic flange. This subject has been studied by many authors using different approaches such as the variational, correlation matrix, and integral equation methods [1]- [6] . The correlation matrix method proposed by MacPhie is based on the principle of energy conservation through the aperture [5] , while Gardiol obtains the aperture admittance using an integral equation method based on the magnetic current concept [6] .
The method proposed in this paper, based on the transverse fields calculation through the use of an operator, called the transverse operator, was introduced for the first time by Marcuvitz [7] . The tangential field continuity condition in the spectral domain leads to a simple relation between the electric and magnetic fields. The field expansion in a series of normal transverse electric (TE) and transverse magnetic (TM) modes allows the aperture admittance to be obtained, and the radiation patterns are then determined.
THEORY
The structure to be studied is that of Fig. 1 where Tis the unity matrix and a,=( -ax ) 9 a; =(a, -ax); k; = W *~O C O is the free-space propagation constant, and
4=($)
The solution of (1) is
where I#J~ represents the transverse electromagnetic fields at z = zo, which in our case will be the discontinuity plane (z = 0). The Fourier transform of (2) where bl and b2 are These eigenvectors, corresponding to the forward ($3, $4) and backward ($1, $2) plane waves (Fig. 2) , satisfy the following orthogonality relation:
6: is the transposed conjugate of 6;.
By considering the backward plane waves to be zero (infinite half-space), the transverse fields in the aperture can be expanded in the basis of eigenvectors $; as follows: which, by considering the orthogonality relations, gives ,Un,= -jwE?h (64
If the chosen basis is complete, these two equations will be equivalent. Equation (6a) can also be written as where Lo = jvoA. 
From (S), the discontinuity scattering matrix and the radiation patterns can be obtained. a2 b2 k:
SCATTERING MATRIX
The radiation is usually characterized by the radiated power (17) TM,, modes.
Now (8) can be written in the following form:
We define the power patterns by setting ( Fig. 1 )
(10) By writing that the energy is conserved, we obtain Equation (10) is solved by Galerkin's method (scalar multiplication by vector of each mode), and the following relationship
ss Fz(p, 4 ) ZO dp dq= ss Pr@, cp)ko sin 0 de d v .
BIp
is obtained: Finally,
-cos e P M , (PI = cos eFz(p, q ) zo = ~ $ ; d o .
(18) where 16a2Zo
The power pattern is, therefore, determined as
2a
The scattering matrix can then be defined as S=(y=+Q)-'(y=-Q).
( 2) Furthermore, the variations of different field components are determined to study their relative importance in the near and far fields. These components are FIELD DISTRIBUTIONS AND RADIATING PATTERNS Equation ( 5 ) allows the definition of the discontinuity radiation from the knowledge of the fields in the aperture. These are combinations of incident and reflected fields The study of the open-waveguide discontinuity and its radiation involves (theoretically) infinite expansions in (10) and (13). We will solve these equations by considering a limited number of basis functions given in Table I . For a RG52U rectangular waveguide (X band) the following quantities have been determined.
1)
The Scattering Matrix at f = 9.33 GHz (Table 11) : By supposing that the incident mode is the TElo, the first term in Table II represents then the reflection coefficient of this mode.
The other terms correspond to the generation rate of higher order modes in the aperture. These results are compared with those of [5], and a good agreement is observed. 3) The Power Pattern of the Aperture Antenna (Fig. 4): This curve gives the field in an arbitrary direction, and, once more, the comparison with that of [5] is satisfxtory. The power patterns are drawn in decibels below P,,, and the curves correspond to the direction cosines of radiated power p / k o and q/ko. Note that in the E plane ('p = d 2 ) the results are different according to the number of modes, whereas in the H plane (p = 0) comparable curves have been obtained for the two cases. Fig. 5 illustrates these same results for two different frequencies, where it is shown that the conducting flange can favor the radiation along its surface. Increasing the frequency attenuates this phenomenon so that for sufficiently high frequencies the radiation pattern approaches that of a simple open waveguide.
2) The Variation of
The variations of electric fields Ey and E, along the x-axis are shown in Fig. 6 for a distance z = 0.5a. It can be observed that the fields are not zero at the waveguide edges, but Ey simple and systematic formulation of the problem, particularly, in the case of discontinuities whether they are radiating (in dielectric waveguides, microstrips, etc.) or in shielded structures (ridged waveguides, partially filled waveguides, etc.). This leads to a relative ease in the numerical implementation of the solutions. Here the application of the transverse operator method has permitted us to characterize the aperture formed by an open-ended waveguide terminated by an infinite conducting flange. The different comparisons concerning the aperture admittance and the power patterns with the results already available in the literature show that the method gives very good results by taking a small number of basis functions. Furthermore, the numerical analysis is rather simple in this case, as the corresponding integrals present no singularities.
The eigenvalues of A will be with r = dp'+ 42 -k2 = -j J k i -p 2 -42. 
